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供 試 薬 剤 配合比率 (重量比)











塩を硫酸 (97W/W%)十蒸留水 (1:2)および過酸化水素水 (35W/W%)に
















1-1に示した。         ・













Metal―salts ratio (to chitosan)
「














































































の状況 (左上 :キトサン、 右上 :反応直後、 左
下、水洗後、 右下 :乾燥後)
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① キトサン銅塩 (銅含有率 :9,95%)
② キトサン亜鉛塩 (亜鈴含有率 : 11.80%)
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③ CuS04・Ы120(銅含有率 : 25.46%)
④ CuC12(銅含有率 : 47.27%)











































































































































供 試 薬 剤
キ トサ ン 銅 塩 CuS04・5Ⅱ20 CuC12
0. 6 0. 0 24.4 27.8
1, 0 0. 0 31.0 28. 8



























































供 試 薬 剤
キトサン亜鉛塩 ZnC12
1. 6 4.2 64。 9













































































































































































Permeability  by  coIOr
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P hoto,3-4 CCA 3号を注入処理した試験片の各部位におけ
る薬剤の浸洲状況











キ トサン銅塩 (CCS) 719,4 1,06
キ トサン亜鉛塩 (CZS) 716. 5 2. 10
CCA 3号 724.6 3. 61
※平均薬剤吸収量 :キトサン銅塩 ;銅金属として
キトサン亜鉛塩 ;亜鉛金属として





















































4 cmでは0。77kg/m3、6 tlnでは0.64kg/mg、8 clnでは0.59kg/m8を示した。2
cmの部分に含有する銅金属としての平均薬剤吸収量を100とした場合に、各部
位に含有する銅金属としての平均薬剤吸収量の比率を求めた結果、それぞれ4












































Distance  from  the  unSealed  end  (cln)










































その結果、CCSでは薬液が開放木口面より2 cm、4 cm、6 cmおよび8 cmと薬
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剤が浸透するにしたがって、各部分における薬剤の平均薬剤吸収量 (銅金属と






























































ス  ギ 22. 3 2, 3 84.4
ベイツガ 20.4 0. 7



















量を測定し、硫酸 (97w/w%)十蒸留水 (1:2)および過酸化水素水 (35w/
w%)により湿式分解し、原子吸光分析法により有効成分量を分析した。
2.2.4 薬剤の安定性評価方法












Sampling of test biockS
(9 X 9 X O.5 om) frOm


























































































































































































比べ、スギでは0.5 cln～ cln部分にも表面～0.5 cll部分の約80%の薬剤が浸透
していることがわかった。一方、CCA 3号では表面～ l cmにおける平均薬剤吸
収量がスギ、ベイツガでは3.9～3.8 kg/皿3、 またベイマツでは3.3 kg/m3で









































































































































P hoto.4-1l CCA 3号で処理したベイツガ内部での薬剤の
浸潤状況































































供試菌には、オオウズラタケ [ryrOmyCes paFystr,s[Berk.et Curt,)































年、COVにはプナ (Fagus crenata Bl.)の殺菌木粉をそれぞれ菌叢表面が完
全に覆われるまでふりかけた。さらに各菌体が成長するのを待って、菌叢表面


















































































































































































































































































































































































































































































P loto.5-3 キトサン銅塩処理木材 (銅としての平均薬剤
吸収量 :0.84kg/m3)の防腐効力試験結果 (オオウ
ズラタケ)










P hoto.5-6 キトサン亜鉛塩処理木材 (亜鉛としての平均
薬剤吸収量 :2.03kg/m9)の防腐効力試験結果 (オ
オウズラタケ)
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CZSおよびZnC12   :亜鉛金属として、1.6、1.8、2.0.2。、 2.4 kg
および2.6 kg/m3とした。




































































































































キトサン 9. 8515, 551. 066. 810. 5
無処理 23.091. 677. 24.2





































































薬剤吸収量が1.O kg/m3において、オオウズラタケ [Tyrttyces palustr,s
(Berk.et Curt。)Murr.]による平均質量減少率が0.4%を示し、また、カワ










































































































































































































P hoto.6-5 キトサン金属塩の野外試験状況 (鹿児島県日
置郡金峰町の高橋潟固有林内)




果 (2年目)[左側 :処理試験杭 (銅金属として
0.47kg/m3)、右側 :無処理試験杭]
P hoto.6-8 CuS04・51120処理木材の野外防蟻効力試験結果
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d) 五spergIIIys  nユger wan  Tleghem  I「0 6341
e) PerP:じfrr:Erm  fy4'cyJosuv Tho皿  I「0 6345
f) Pr2:30plrs  θryzac  Went & Prinsen―Gee llgs  IF0 31005
g)llrrcobasfJIlrm  pvJFvrarPs  (de Bary)Arnaud  IF0 6353
h) 『 IfοcraJ:vv  7frenS  Mlller, Giddens ざと Fosteb  I「0 6355
1) じ1,actο』:とra glοbosvEP Kunze ex 「ri s  IF0 6347







Ald) A2 A3 ノゝ 4 ノ【5 A61)
0,65
0.85
0.0  3.0  3.0  0.0  1.6  0,4










A上 A2 ノ【3 A4 A5 ツIL6
1.38
1.61
0.0  3.0  3.0  0.0  2.0  0.8
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キ ト サ ン 銅 塩
0. 8 5kg//謂
P hoto.7-3 キ トサン銅塩のRhユzOpus oryzac に対する
防カビ効力試験状況 (銅金属としての平均薬剤吸収
量、0.85kg/m3)






P hoto.7-5 キトサン銅塩のGI:ocra」:vm y'rensに対す
る防カビ効力試験状況 (銅金属としての平均薬剤吸
収量、0,85kg/m3)





寺とト サ ン 単 独
9. 1 6 kg//nf
P hoto.7-7 キトサンのlsp研す:lus ■セerに対する防カ
ビ効力試験状況 (キトサンとしての平均薬剤吸量、
9.16kg/m3)




キユト サ ‐/単 独





P hoto.7-9 キトサンのrera:zOpus oryzacに対する防カビ
効力試験状況 (キトサンとしての平均薬剤吸収量、
9,16kg/m3)





































































































































ギ (注入性良好)、 ベイツガ (注入性中程度)およびベイマツ (難注入性)の
3樹種を選択した。また、製材の日本農林規格 (JAS)に準拠してそれぞれの
木材にはィンサイジング加工 (5,000個/m2)を施した。木材の形状は9 cm×
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U MM A Y
CCA  (chrome一copp r―a senic  type) ‐lS   Very   effective   wood
preserwative,   but   it   is COntained  the  toxity  chromate  and
arsenate.  Then  instead  of   CCA,   several   new   preservatives
which   have   high   safety   is   under   developping.   However
all   of   them   have   some   unresolved   problems   which   must
improve   for   plactical  use.  As  compared   with   them,  chitosan
―metal   salts   wlll   be  very  effective   as   new   type   wood
preservatives,  which  have  high  safety,  high   preserving   effect
and   high   fixation   with  in  wood. The  purpose  of  this  study
is  to  develope  the  new  wood  preserwatives  based  on  chitosan
―metal  salts  for  practical  use.  The  obtained  results  were
sumerized  as  follows;
1.  It  was  inwestigate(l  to  determine  o,timum  conditions  for
the  formatlon  of  chitosan一Inetal  salts.  Chitosan―copper  or  ―z i c
salts  were  formated  in  the  reaction  with  chitosan  and  CuC12
0r  ZnC12  by  heating  their  aqueous  solution  mixture  for
several  hours  at  45-50k3,  Optimulll  conditlons  for  chitosan―metal
salts  formatlon  were  attained  after  a  2-hours  reactlon  with
l:1(W/W)  ratio  of  chitosan / metal一salts  mixing  solution.
2.  Fixation  of  chitosan―皿etal  Salts  were  investigated.
sapwood  of  Sugi(じrypto2cr,a  JaponttCa  D.  Don) wood  b10cks  were
vacuum-llmpregnated  with  chitosan―metal sal s  s01utions  and
exposed  to  laboratory  weathering  as  prescribed  in  JIS  A  9201,
which  includes  10  repeated  cycle  of  water  leaching  at  25k3
for  8  hours  and  oven  drying  at  60氣3  for  16 hours,  3oth
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type  of  chitosan―metal  salts  vere  very  resistant  to  this
weathering,  with  chitosan―copper  salts  (CCS)  exhibiting  O%  10ss
and  chitosan―zinc  salts  (CZS)  showing  2,4%  to  4.2%  loss.  In
contrast,  cuSo4・5120,  CuC12  and  ZnC12  treated  wood  blocks
showed  higher  loss  value  such  as  24.4-34.7%,  27.8-28.8%  and
64.9-75.5%,  respectively.
3.  Penetoratlon  and  retentlon  of  chitosan―m ta   salts  were
deterⅢined  by  sapvood  samples  of  Sugi,  皿eaSuring 2 cm(T) X 2 cm
(R) X 12cm (L),  in  」IS  K  1570.  Five  sides  of  each  test  plece
were  sealed   with  epoxy  resin  and  side  left  unsealed  so  that
the  axial  penetration  of  the  test  solutioin  from  the  unsealed
end  could  be  measured.  Test  pleces  were  vacuum-lmpregnated
with the aqueous  solution  of  CCS,  CZS  or  CCA―type  3, and
resultant  retentlons  were  l.06kg/mg  as  copper  for  CCS,  2.10kg/
m3  aS  Zinc  for  CZS  and  3.61kg/m3  aS  tOtal  oxldes  for  CCA,
respectively. 0.5cm  thick  cross―sec lons were  taken  at   2,   4,
6  and  8 cm  distance  fro皿  he  unsealed  end  for  the
deteHllination  of  the  axial  penetration  and  the  retentlon  of
each  test  chemical.  The  penetratlon  of  test  chemicals  was
measured  in  terms  of  colored  areas  with  the  help  of
appropriate  chemicll  reagents.  The  atomic  absorptlon  analysis
was  employed  to  detemlline  the  retentlon  of  test  chemicals.
All  chemicals  showed  high  permeablllty  with  a  ft11l  penetratlon
up  to  8 cm  from  the  end  graino  Rations  of  recovered  active
ingredients   at  8 olm  to  those  at  2 cnl  vere   ab.57%  for  CCS,
ab.55%  for  CZS  and  ab.60%  fo「  CCA  (ab.57%  for  Cr03,  ab.62%
for  CuO  and  ab.61  for  As205)・  The re ults  suggested  that
chitosan―metal  salts  were  equivalent  to  CCA  in  terms  of  both
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penetration  and  retention.
4.   Penetration  and  retention  rates  of  chitosan一metal  salts
were  compared with  thOSe  of  CCA preservatives,  tls ing
full―sized  tittbers  of  Sugi,  Beitsuga(Tsygac ねθterophyJ12  Raf.)
Sarg。) and  Beimatsu(Psey♂ο ga 』erazfesf: (Mirb.) Franco).  They
were  pressure―treated  with  CCS,  CZS  or  CCA―type 3(CCA),  under
pressure  at  -93kPa  for  40min,,  at  l.OMPa  for  300min.  and  at
-93kPa  for  30Ⅲin..  Target  retentions  of  these  salts  Were  l,0
kg/m3 for CCS, 2,Okg/m3 for CZS and 3.5kg/m3 for CCA,
respectively.  Solutlon  uptake  by  Sugl,  Beltsuga  and  BelⅢatsu
for  each  chemical  was  340-350kg/m3,  500-570kg/m3  and  240-280kg/
m3,  reSpectively,  Retentlon  of  surface  l cm  zone  showed  that
O。73-1.00kg/Ⅲ3 aS COpper for.CCS, 1.76-2.00kg/m3 aS Zinc fOr
cZS  and  3.31-3.88kg/Ⅲ3  as  tOtal  oxides  for  CCA,  respectively,
and  penetratlon  rates  for  this  zone  were  over  80%  in  any
treatment.  Stability  of  aqueous  solutions  after  5  consequtive
treatment  cycles  proved  good  in  terms  of  constituent
proportions,  and  remaining  rates  of  active  lngredients  of  CCS,
CZS  and  CCA  were  respectively  ab.100%,  ab。95%  and 99%.
Rasults  suggested  that  both  types  of  chitosan―metal  salts Were
comparable  to  CCA  in  the  pressurc  treatⅢent Of  full―Sized
wood,  in  terⅢs  of  ylelding  equlwalent  penetratlon  and
retentlon  rates  of  active  ingredients,  and  Stablllty  of
treating.
5.  The  wood一preserving  effectiveness  of  ChitOSan―m tal  salts
was  tested  in  the  laboratory  in  accordance  With  the  amended
JlS A 9201.  Sapwood  blocks  of  Sugl  were  vacuum―illlpregnated  with
aqueous  solutions  of  CCS  or  CZS  to  yield  retentions  of  O.4-
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1.5kg/m3  aS  COpper,  or  l.6-2.7kg/Ⅲ3  aS  Zinc,  respectively.
After  10  cycles  of  weathering,  treated  blocks  were  ex,osed  to
Tyr041yceS  parustr:s (Ber. et Curt.)Murr. (brown―rot f ngus)  or
じοr:θltrs  yers'corο (L. ex Fr。)Qu01  (white―rot  fungus)  for  12
weeks.  CCS  and  CZS  satisfactorily  dcpressed  decay  by  both
fungus  at  rctentlo■s   of  O.84  and  2.03kg/ma  as  co,per  and
zinc,  respectively,  whlle  CuS04・5120,  CuC12  and  ZnC12  COuld
not  prevent   Tyr.  parLrstrFs  infested  blocks  from  decaying  even
at  the  highest  retentions  testedo  CCS  and  CZS  also  perforⅢed
well  in  iron―corrosive  and  hygroscopicity  tests  prescribed  in
JIS  A  9201.
6.  Termiticidal  effentiveness  of  chitosan―salts  was  tested
in  laboratoy  and  field  in  」WPAS-11(1)  and  J17PAS-12.  Sapwood
blocks  of  Akamatsu(P,rays  dcas,flθra  Siebo et Zucc.) were
impregnating一treated  with  aqueotlこ  of  CCS  or  CZS  to  yleld
retentlons of O.4-1.2kg/口I as copper or l.6-2.6 kg/m3  aS
2inc,  respectively.  Weathering  for  laboratory  test  was
subjected  to  the  amended  JIS  A  9201.  On  laboratory  test,
average  mass  loss  of  CCS  or  CZS  were  showed  less  than  3%
(prescribed  in  JWPAS)  at  the  average  retention  of  l.18kg/m3
as  copper  or  2,15kg/Ш3  aS  Zinc,  respectively.  on  2-year
field  test,  CCS  or  CZS  were  showed  satisfactory  effectiveness
at  the  average  retentlons  of  more  than  O.47kg/m3 aS  COpper
or  l.66kg/皿3  aS  Zinc,  respectively.
7.  Antifungal  effects  of  chitosan―metal  salts  were  evaluated
in  accordance  with  thc  lnethods  of  」WPAS-2.  CCS and CZS
showed  a  high  antifungal  effect  against  lsperg:IIvs  fa:ger,
lyreοbasf」すLrm py,Iy:2fas  and  CrPact04P'ytt g10bοsy盟,  but  could   not
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control  the  growth  of  Pcr2'C'II,um  fv4,cylosErW and  fth′z9pvs
θryzac.  They  showed  antifungal  effects  against  じI:ocla」:u盟
7frenS  only  at  higher  retentlon  rates.  Chitosan  showed  high
antifungal  effects  against  lsp.  f2'ger and  lvp.  pyfryraBs,  but
showed  little  effect  against  other  fungi。
As  the  results,  both  chitosan―metal sal s  (CCS  and  CZS)
were  considered  to  be  promising  alternatives  to  conventlonal
water一borne  wood  prreservatives,  CCA,  for  pressure  treatment.
Antifungal  effect  was  unsatisfactory  and  needed  to  investigate
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本文中、「第7章」に引用した。
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